Introduction
Citrus bacterial canker disease which seriously threaten citrus crops is caused by Xanthomonas axonopodis Starr and Garces emend Vauterin et al. pv . citri (Hasse)Dye[syn. Xanthomonas campestris pv. citri (Hasse)Dye]. Symptoms of the disease includes necrotic lesions on leaves, twigs and fruits which in severe infections can cause leaf abscission, twig dieback and premature fruit drop [6, 19, 21, 22] . At least five forms or pathotypes of the bacterium have been identified based on host range, symptomatology, phage typing, DNA fingerprinting and geographical distribution. These pathotypes named as forms A or X. a. pv. citri, B, C, D or X. a. pv. aurantifolii and E or X. a. pv. citrumelo [23, 24] . Of these pathotypes form A which causes true or Asiatic canker disease is the most devastating form and can infect most commercial citrus varieties and citrus relatives [19, 21, 23] . This disease occurs in at least 30 tropical and subtropical countries.
Extensive DNA fingerprinting in bacterial taxonomy has shown that the distribution of restriction endonucleases cleavage site in a bacterial genome is unique, stable, clonally inherited and can be directly observed [10, 15] . Based on this property, restriction fragment length polymorphism (RFLP) of bacterial citrus canker strains has clearly shown that pathotypes B, C and D are clonally related but highly distinct from those of groups A and E. Furthermore these studies have revealed that strains from groups B and D are indistinguishable from each other [3, 4, 7, 9] .
Many studies have shown that amplified fragment length polymorphism (AFLP) is a powerful and high resolution DNA fingerprinting method which can be used to identify bacterial strains at a subgeneric level [2, 10, 11, 15] . Rademaker et al. [17] compared AFLP, rep-PCR and DNA-DNA homology for the strains of genus Xanthomonas and observed high correlation, suggesting that genomic fingerprinting techniques truly reveal genotypic and phylogenetic relationships of organisms. Gonzalez et al. [5] using AFLP distinguished pathogenic and nonpathogenic strains of X. axonopodis pv. manihotis from each other and also from other Xanthomonas strains. Restrepo et al. [18] characterized genetic structure and population dynamics of X. axonopodis pv. manihotis in Colombia from 1995 to 1999 and identified 45 RFLP types or haplotypes. Kolliker et al. [14] studied genetic diversity of X. translucens pv. graminis by AFLP and found two distinct clusters. Simoes et al. [20] to a better understanding of the genetic and phylogenetic relationships of Xanthomonas species used PCR-RFLP analyses.
Citrus bacterial canker disease in Iran was first reported in 1989 from Kerman province in southern Iran but it's pathotype(s) was(were)not identified [1] Isolated strains from infected areas in southern Iran were indistinguishable by phenotypic, FAMEs and SDS-PAGE [12, 13] .
More than 40 strains from Iran, ten strains from South Korea and representative from all known five pathotypes of X. axonopodis pathogenic on citrus trees were used in this study. The main purpose of this study were determination of host range of the collected citrus pathogenic X. axonopodis strains and differentiation of them by AFLP in order to better understanding of their relationships.
Materials and Methods

Bacterial Strains and Cultures
The strains studied are listed in Table 1 . These included 43 strains from infected citrus trees in southern Iran, ten representative strains of pathotype A from Korea selected among 20 strains which gifted by Dr. Inn-Shik Myung 1 (indicated by R letter) and 14 reference strains from the five pathogenicity groups A, B, C, D and E (indicated by LMG) which were obtained from the culture collection of the Laboratory of Microbiology, University of Gent, Belgium. The reference strains have been described in details elsewhere [23] . Pathogenicity of Iranian strains were determined on citrus species seedling [12] . Bacterial cells were grown on trypticase soy broth agar [3% w/v trypticase soy broth (BBL) supplemented with 1.5% bacto agar (Difco)] at 28°C.
Pathogenicity Test
Pathogenicity of tested strains were determined by method of Graham et al. 1990 [7] on seedling leaves of citrus species including Citrus aurantiifolia, C. limettioides, C. limon, C. jambhiri, Poncirus trifoliata X C. paradisi, C. aurantium, C. paradise, C. medica, P. trifoliate, C. grandis, C. sinensis, C. reticulate and C. sinensis X P. trifoliate. In brief aqueous cell suspensions (approximately 108 CFU ml -1 determined by spectrophotometer) of bacterial cells were prepared from fresh cultures. Young leaves of citrus seedlings were punctured with needle and they were inoculated with a drop of bacterial suspension. Inoculated seedlings were covered with plastic bags for 48 h and put in greenhouse with 28°C until symptoms appeared. Normally distinct citrus bacterial canker symptoms under favorite condition is appear after 2 weeks but results of pathogenicity test were monitored 45 days after inoculation. The causative agent of citrus bacterial canker re-isolated from leaves spots.
Preparation of Samples for AFLP Fingerprinting
Total genomic DNA from bacterial cells was extracted and purified according to Pitcher et al. [16] . Enzyme reactions and PCR were conducted in sterilized Mili Q water. Basically all procedures and materials concerning AFLP were as described by Janssen et al. [10] . Sequences of the used adaptors and primers were as follows: DNA template preparation using restriction enzymes EcoR1 and Taq1 and adaptor ligation were done as reported by De Vos et al. [2] . In general 1 lg of DNA was digested with 15 U Taq1 and 14 U of EcoR1 in a final volume of 30 ll. EcoR1 and Taq1 adaptors were added to a final concentration of 0.05 and 0.5 lM respectively and ligated to the restriction fragments in the presence of 0.16 U T-4 ligase and 0.26 mM ATP per reaction tube and they were incubated for 3 h at 37°C. DNA was precipitated with 70% (V/V) ethanol and finally dissolved in 100 ll TE buffer (10 mM Tris, 0.1 mM EDTA, pH 8.0). DNA templates were stored at -20°C. Primers were labelled with [p 32 ] ATP according to De Vos et al. [2] . Performance of PCR reactions, electrophoresis of PCR products, autoradiography, data acquisition and numerical analyses of banding patterns were done as described by Janssen et al. [10] .
Results and Discussion
Result of host range determination of the tested strains are shown in Table 2 . Based on the pathogenicity tests isolated citrus pathogenic X. axonopodis strains from southern Iran were two groups. First group together with Korean strains were pathogenic on all tested plants but strains from the second group showed narrow host range, mainly pathogenic on limes and lemons.
Clustering of the strains based on their DNA binding pattern is shown in Fig. 1 , the abridged dendrogram is presented in Fig. 2 .
Based on the results of DNA fingerprinting by AFLP tested strains formed six clusters (Figs. 1, 2) . The first cluster contained five strains of pathotype C. The second cluster included strains of pathotypes B and D which were closely related to those of the first cluster. Strains of pathotype A and the main group of Iranian strains formed the third cluster. The fourth cluster included strains from South Korea. Strains of pathotype E made the fifth cluster and seven representative strains isolated from affected citrus trees in South of Iran made a completely separate cluster. These strains could be of a new pathotype due to their dissimilarity with those of other groups and their different host ranges. Strains of pathotype B and single available D strain (Mexico) could not be differentiated by DNA fingerprinting [3, 4, 7, 8] . It would be very worthwhile to study more strains from pathotypes D and B to further investigate this close genomic relationship.
AFLP has proven to be useful for identifying bacterial strains at subgeneric level [5, 10, 11, 14, 15, 17, 18, 20] . Although the results of AFLP fingerprinting are specific and show high resolution to differentiate bacterial strains at the subgeneric level, it is very clear that the efficacy of this method not only depends on the choice of a suitable restriction enzyme that cleaves the most stable site in the bacterial genome but also depends on application of suitable primer to amplify the unique fragment of bacterial genome which can differentiate one strain from the others. Based on the standard definition the term of pathovar refers to pathogenicity characteristic of the plant pathogen. Pathotypes A, B, C, D and E of X. axonopodis could be differentiated through their host ranges and pathogenicity. In our study these pathotypes could be differentiated but forms B, C and D are very closely related to each other and well separated from forms A and E. These results support the previous results published by Vauterin et al. [23, 24] . These pathotypes have at least one or more unique sites on their genomes which can differentiate them from each other. In this study situation is very clear because, except for strains of pathotypes B and D, all strains could be differentiated based on differences in pathogenicity and DNA fingerprinting. Iranian strains had different host ranges and they also had different AFLP fingerprinting patterns. The first group of Iranian strains (main group clustered with pathotype A in this study) had a broad host range and a pathogenicity pattern like those of pathotype A. The second cluster (seven representative strains) had narrow host ranges and mainly were pathogenic on Mexican lime (C. aurantifolia) and sweet lemon (C. limettioides). These seven strains were distinguished by their host ranges and AFLP patterns. Phenotypic features and cellular fatty acids of these seven representative strains were similar to other strains isolated in southern Iran [12, 13] . Both groups were found from all surveyed area in southern Iran. Studied strains from South Korea made a separate cluster (cluster IV) closely related to those of pathotype A and the main group of Iranian strains. These result showed minor differences among the strains from the same pathotype isolated from different geographical areas suggesting genetic diversity among the strains belong to the same pathotype.
